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(54) Two dimensional organic light emitting diode array 



(57) A two dimensional array of organic LEDs (20, 
30) Including laterally spaced, conductive strips (22, 37) 
positioned on an insulative substrate (21, 38) with a 
layer off dielectric material (24, 45) positioned thereon 
and defining cavities (11, 12) therethrough so as to 
expose areas of the conductive strips (22, 37) within the 
cavities (11, 12). At least a layer of active emitter mate* 
rial (25) and a layer of a low work function metal (25) are 
positioned in each of the cavities (11. 12) on tiie con- 



ductive strips (22, 37) so as to form an LED (20, 42) in 
each cavity (11, 12) with the conductive strips (22, 37) 
forming a first electrode of each LED (20. 42). A layer of 
metal is sealing positioned over each of the cavities and 
formed into metallic strips (27. 48) orthogonal to the 
conductive strips (22. 37) so as to form a second elec- 
trode for each of the LEDs (20, 42). 
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Description 

Field of the In^nfr^ 

The present invention relates to organic Bght emit- 5 
ting diode (LED) arrays and to a novel method of fabri- 
cation of organic LED arrays for high density information 
image manifestation apparatus applications. 



Background of tr^ faygnlpj 
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A two-rfmertsional organic LED array for image 
manifestation apparatus applications rs composed of a 
plurality of organic LEDs (one or more of which form a 
pixel) arranged in rows and columns. Each individual is 
organic LED in the array is generally constructed with a 
light transmissive first electrode, an organic electrolumi- 
nescent medium deposited on the first electrode, and a 
metallic electrode on top of the organic electrolumines- 
cent medium. The electrodes of the LEDs are con- so 
nected to form a two-dimensional X-Y addressing 
pattern. In practice, the X-Y addressing pattern is 
achieved by patterning the fight transmissive electrodes 
in an X direction and patterning the metallic electrodes 
in aYdirecton {or vice versa if desired), with theXand 2S 
Y directions being perpendicular to each other. The pat- 
terning of the electrodes is usually accomplished by 
either shadow mask or etching techniques. Due to the 
technical Emits of shadow masks, only etching proc- 
esses are being utilized for high density information dis- so 
plays, which have pixel ptches less then 0.1 mm. 

Depending on the medium used in the etching proc- 
esses, the etching technique can be divided into two 
categories: wet and dry. While wet etching is performed 
in an acidic liquid medium, dry etching is usually done in as 
a plasma atmosphere. 

The metallic electrodes used for cathode contacts 
in organic LEDs usually contain a stable metal and a 
highly reactive metal with a work function less then 4 eV. 

The presence of the highly reactive metal In the metallic 40 
electrode makes acid-based wet etching undesirable. 
However, the dry etching processes is also problematic 
because of the high temperature (> 200'C) and reactive 
Ion atmosphere required in the process, which may 

affecttheintegritycrftheorganfcrnateilalsaswenasthe <s 
active metal containing metallic electrodes in a two- 
dimensional organic LED array. 

To overcome the etching dlemma. a<sfwtdow wail 
method to fabricate the two-dimensional array has been 
disclosed by Tang in a patent application. EP92 so 
122113.1, published by the European Patent Office on 
July 7. 1993. The shadow wail method includes- pat- 
terning the transparent electrode first; building dielectric 
walls that are orthogonal to the transparent electrodes 
capable of shadowing an adjacent pixel area, and with a ss 
height exceeding the thickness of the organic medium; 
depositing an organic electroluminescent medium; and 
depositing the cathode metals from an angle of 15* to 
45° with respect to the deposition surface. Since the 



height of the dielectric walls exceeds the thickness of 
the organic medum, isolated parallel metal stripes are 
formed. Thus, a X-Y addressable array is achieved with- 
out the need of metal etching. Though this method 
seems to be viable for metal patterning, it is limited to 
certain pitch dimensions, and potentially could intro- 
duce defects in pixels in the array. 

Accordingly, it would be highly advantageous to 
provide a new LED array and method of manufacturing 
which overcame these problems. 

It is a purpose of this invention to provide a novel 
method of fabricating a two-dimensional organic LED 
array for high density information image manifestation 
apparatus applications. 

It is another purpose of this invention to provide an 
organic LED device structure on which metal etching 
can be performed 

It is still another purpose of this invention to provide 
a passivated two-dimensional organic LED array for 
high density information image manifestation apparatus 
applications with improved reliability. 

It is a further purpose of this invention to provide a 
new device structure for use In LED arrays which is rel- 
atively easy and inexpensive to manufacture. 

Surnmarv of the im/Anti^ 

The above problems and others are at least par- 
tially solved and the above purposes and others are 
realized in a new and novel two-oimensional organic 
LED array for high density information image manifesta- 
tion apparatus applications. The LED array includes a 
number of parallel, spaced apart fight transmissive ffrst 
electrodes, an electroluminescent medum deposited 
on the first electrodes, and on top of the electrolumines- 
cent medium a number of parallel, spaced apart metal- 
lic second electrodes arranged orthogonal to the first 
electrodes. The electroluminescent medium is enclosed 
in a well or trench structure formed of dielectric medium 
with the Itght transmissive first electrode at the well or 
trench bottom and the second electrode of ambient sta- 
ble metal at the top of the well or trench. 

A novel method of fabrication of a two-dimensional 
organic LED array for high density information image 
manifestation apparatus applications is also disclosed. 



Brief Dftscrlntinn of th» nr^wj nqfr 

FIG. 1 is a plan view of a typical trench structure 
and a typical well structure depicted on the same 
substrate to illustrate their dimensional differences; 
RG. 2 Is a cross sectional view of an LED in a two 
dimensional array according to the present inven- 
tion; and 

FIG. 3 is a plan view of a two dimensional organic 
LED array with well structures in accordance with 
the present invention, portions thereof broken away 
for ease of visualization. 
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Description of the Preferred Embodiments 

Since device feature dimensions are often in sub- 
micrometer ranges, the drawings are scaled for ease of 
visualization rather than dimensional accuracy. Refer- 
ring specifically to FIG. 1 . a plan view of typical trench 
11 and wen 12 structures is depicted on the same sub- 
strate to illustrate their dimensional dih^rehces. Both 
trenches 1 1 and wells 12 are generally formed by pho- 
tolithographically patterning a dielectric layer 13 that 
has been deposited on top of light transmissive, corn 
ductive strips (not shown) that are in turn supported by 
an underlying transparent insulating substrate. 

Trenches 11 are long, narrow, straight deep 
depressions, each defined by four relatively steep sides 
formed in dielectric layer 13. Typically, trenches 1 1 take 
the shape of a rectangular parallelepiped as shown in 
FIG. 1. Also, trenches 11 generally extend across the 
substrate in a direction either perpendicular to the 
underlying light transmtssive. conductive strips or paral- 
lel to and on the top of the underlying light transrnissive. 
conductive strips. A number of LEDs or pixels can be 
constructed in a single trench 11. 

Wells 12 are each defined by a hole formed in die- 
lectric layer 13 with a rectangular, square or circular 
shape of opening, and steep side walls. Wells 12 are 
characterized by small feature size and a nearly iso- 
tropic shape of opening. A number of wells 12 are con- 
structed in a row across the substrate on the top of the 
light transrnissive. conductive strips. Each weH 12 
defines the shape of an LED or pixel in a two-dimen- 
sional array. Either trenches 11 or wells 12, which are 
hereinafter referred to generally as cavities, can be 
used in the fabrication of a two-dimensional array for 
information (mage manifestation apparatus. 

Now referring specifically to FIG. 2, a cross sec- 
tional view of a single LED 20, from a two dimensional 
LED array according to the present invention, is 
depicted. The construction of LED 20 begins with a fight 
transrnissive, preferably transparent and electrically 
insulative substrate 21. Substrates made of glass and 
polymeric materials are generally preferred. On the 
upper surface of substrate 21 is deposited a layer 22 of 
light transrnissive, electrically conductive material, 
which is selected from a variety of organic or inorganic 
conductors, such as conductive polyanjline (PAN f), or 
irrii urn-tin-oxide (ITO). Layer 22' is then patterned by 
conventional lithography technique to form a first paral- 
lel conductive strip 23 that is capable of being 
addressed in a row fashion and will serve as an anodic 
electrode in the final array. 

On the top of patterned layer 22, a layer 24 of die- 
lectric medium is deposited by thermal evaporation, 
sputtering or plasma enhanced chemical vapor deposi- 
tion techniques. Layer 24 is then patterned by conven- 
tional wet or dry etch techniques to form a cavity (well or 
a trench) structure. Inside the cavity, and on the upper 
surface of layer 23 (the anodic electrode), is deposited 
an electroluminescent medium 25, which generally con- 



sists of a layer of hole transporting material, a layer of 
active emitter material, a layer of electron transporting 
material and a layer of a low work function metal. It will 
of course be understood by those skilled in the art that 

5 in some applications either or both of the layers of hole 
transporting material and electron transporting material 
can be eliminated, in most instances with a result of 
somewhat poorer operation. 

The top of the cavity is then sealed by evaporation 

10 of a thick layer 27 of stable metal such as aluminum, sil- 
ver, copper or gold as a cavity cap. Layer 27 is selected 
to form a good electrical contact with the layer of low 
work function material in electroluminescent medium 25 
and, in conjunction with the layer of low work function 

15 metal of electroluminescent medium 25, forms the cath- 
ode electrode for LED 20. Layer 27 is then fithographi- 
cally patterned to form an isolated metal strip to provide 
LED addressing, as previously described. 

Dielectric medium 24. used in the construction of 

20 the cavity structure, is any convenient organic polymer 
or inorganic material. However, it is preferred to use an 
inorganic dielectric material such as silicon dioxide, sili- 
con nitride, alumina, etc. which is usually a better bar* 
rier to oxygen and moisture then organic polymer 

25 materials. The thickness of dielectric medium 24, which 
determines the depth of the cavity structures, may vary 
from 10 urn to 0.1 pm and. for ease of processing, a 
thickness of less then 1 jim is preferred. 

The materials used as electroluminescent medium 

so 25 in the two-dimensional array of this invention can 
include any of the materials of organic EL devices dis- 
closed in the prior art As stated above, electrolumines- 
cent medium 25 generally consists of a layer of hole 
transporting material a layer of active emitter material. 

ss a layer of electron transporting material and a layer of 
low work functional metal. Polymers, organic molecules 
and organofnetalfic complexes can be used as hole 
transporting materials, active emitters and electron 
transporting materials. In the active emitter layer, afluo- 

40 rescent dopant used for enhancement of the device effi- 
ciency can also be incorporated. Generally, any metals 
with a work function less than approximately 4.0 eV can 
be used as the cathode material, e.g. lithium, magne- 
sium, indium, calcium, etc. 

45 The organic electroluminescent media can be 
deposited by vacuum evaporation. Organic electrolumi- 
nescent media can also be deposited by other tech- 
niques such as injection-fill, spin-coating, roll-coating, 
dtp-coating or doctor-Wading from a suitable solution 

so when polymeric materials are used. A mixture of the 
above-mentioned techniques may be needed in cases 
where a heterostructure array composed of both small 
organic molecule materials and polymers is to be built. 
Referring now to FIG. 3, a plan view of a two-cSmen- 

65 sional array 30 of LED well structures embodying the 
present invention is illustrated, with portions broken 
away for ease of visualization. Proceeding from left to 
right in FIG. 3. an area 35 is a plan view of array 30 at a 
stage where patterned transrnissive, conductive strips 
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37. forming row (anode) electrodes, are positioned on a 
light transmissive, electrically Insulate substrate 38. 

A central area 40 in FIG. 3 illustrates a stage where 
individual LEDs 42 are defined by wells containing 
organic electroluminescent medium and low (less than 
4.0 eV) work function metal as an n-contact (cathode) 
The wells are formed in the array after depositing a layer 
of dielectric medium 45 on top of patterned strips 37 
and substrate 38 and patterning the dielectric medium 
45 p^otcJrthographically to form the wen structures, as 
Illustrated In area 40. 

An area 47 is a plan view of the array after a layer of 
a" ambient stable metal cap has been deposited on top 
of dielectric medium 45 with the well structures formed 
therein (area 40) and patterned into metal strips 48 as 
column electrodes. 

An array bearing trench structures can be fabri- 
cated in the same fashion as the array bearing well 
structures, with the exception that the orientation of the 
trench structures can be either parallel to and on top of 
conductive strips 37 or perpendicular to and across aO - 
of conductive strips 37. When the trench structures are 
oriented parallel to and on top of conductive strips 37 
two sides of each pixel are exposed after metal stnps48 
are patterned orthogonal to conductive strips 37 to form 
an X-Y matrix However, the exposed portions of array 
30 would adversely affect the integrity of the organic 
electroluminescent mecfium and the low work function 
metal during the cap metal patterning. Thus, it is pre- 
ferred that the trench structures be oriented perpendic- 
ular to and across aJI conductive stops 37*iarray30. 

The number of LEDs and the LED pitch, that is the 
diameter of a well or the width of a trench in an array 
needed for high density information image manifesta- 
tion apparatus are dependent upon the resolution and 
size of the image manifestation apparatus required for a 
specific application. For example. 640 x 480 LEDs with 
LED pitch around 0.3 mm will be needed for a 10 inch 
diagonal nx>npchrome VGA type of image manifestation 
apparatus. The LED pitch is confined only by the limit of 
tonography technology, which is around 0.5 urn in cur- 
rent manufacturing technology. 

Two-dimensional array 30 has superior stability 
ever arrays disclosed in the prior art The organic elec- 
troluminescent medium, including the n-contact of low 
work function metal, in LEDs 42 (wed structures) or a 
row of LEDs (trench structures) are enclosed in a cavity 
by light transmissive conductive strips 37 at the bottom 
dielectnc medium 45 on the sides and a stable metal 
cap (metal strips 48) on the topi The disclosed cavity 
structures significantly reduce the degradation of the 
array by ambient (oxygen and moisture) conditions. 

In operation, a pattern of light emission from array 
30 can be seen at the bottom surface of transparent 
substrate 38. through appropriate addressing and con- 
trol of array 30 in a well known manner. Array 30 is 
driven to emit fight by a programmed electronic driver 
(not shown), which sequentially addresses one row of 
pixels at a time and repeats the addressing sequence at 



so 



such a rate ftat the interval between repeated address- 
ing of the same row is less than the detection limit of the 
human eye. typically less that 1/S0th of a second. The 
viewer sees an image formed by the light emission from 
an of the addressed rows, though the device at any 
moment is emitting from only one row. 

Thus, a two dimensional array of LEDs for high den- 
sity information image manifestation apparatus and fab- 
ncation- methods are disclosed. The two dimensional 
array is fabricated by a novel method involving cavities* 
in which the organic electroluminescent medium, 
including the n-contact of low work function metal, is 
protected from any etchants used during the fabrication 
process and from ambient conditions subsequent to 
fabrication. Thus, an organic LED device structure is 
disclosed on which metal etching can conveniently be 
performed without deleterious results. Also, the cavity 
structure provides a passivated two-dimensional 
organic LED array for high density information image 
manifestation apparatus applications with improved reli- 
ability. Further, because the cavity structure protects the 
organic electroluminescent medium, including the n- 
contact of low work function metal, from damage by 
etchants, the LED arrays are relatively easy and inex- 
pensive to manufacture. 

While we have shown and described specific 
embodiments of the present invention, further modrf ica- 
ticraarxfimprovemerrtswffl 

art We desire ft to be understood, therefore, that this 
invention is not limited to trie particular forms shown and 
we intend in the appended claims to cover all modifica- 
tions that do not dep^ from the spirit and scope of this 
invention. 



as Claims 

1 . A two dimensional organic fight emitting diode array 
characterized by: 



an electrically Insulative supporting substrate 
(21.38). 

a plurality of laterally spaced apart, electrically 
conductive strips (22. 37) positioned on a sur- 
face of the supporting substrate (21 , 38) so as 
to define a plurafity of first electrodes; 
a layer of dielectric medium (24. 45) positioned 
on an upper surface of the electrically conduc- 
tive strips (22. 37) and the supporting substrate 
(21, 38) and defining a plurality of cavities (1 1. 
12) through the layer of dielectric medium (24. 
45), one each of tiie plurality of cavities (11.12) 
being positioned in overlying relationship to an 
associated first electrode (22. 37) of the plural- ' 
ity of first electrodes; and 
an electroluminescent medium (25). including 
at least a layer of active emitter material and a 
layer of a low work function metal, positioned in 
each of the plurality of cavities (11. 12) on the 
associated first electrode (22, 37) so as to form 
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a light emitting diode (20. 42) in each of the plu- 
rality of cavities (1 1 , 12) in conjunction with the 
associated first electrode (22, 37); and 
a layer of ambient stable metal (27. 48) seal- 
ingly positioned ever the cavities (11. 12) and 
defining a plurality of laterally spaced apart, 
metallic strips (48) orthogonal to the electrically 
conductive strips (37), the laterally spaced 
apart metallic strips (48) defining a second 
electrode for each of the fight emitting diodes 
(42). 

2. A two dimensional organic fight emitting diode array 
as claimed in daim 1 further characterized in that 
the electrically insulative supporting substrate (21, 
38) and the plurality of laterally spaced apart elec- 
trically conductive strips (22. 37) are light transmis- 
sive. 

3. A two dimensional organic fight emitting diode array 
as claimed in claim 1 further characterized in that 
the supporting substrate (21. 38), the conductive 
strips (22, 37) and the dielectric medium (24. 45) 
each includes one of an organic polymer or an inor- 
ganic material. 

4. A two dimensional organic light emitting diode array 
as claimed in claim 3 further characterized in that 
the supporting substrate (21. 38) is formed of glass. 

5. A two dimensional organic fight emitting diode array 
as claimed in claim 3 further characterized in that 
the first electrodes (22. 37) are formed of indiunv 
tin-oxide. 

6. A two dimensional organic fight emitting diode array 
as claimed in claim 3 further characterized in that 
the dielectric medium (24, 45) is formed of silicon 
dioxide, silicon nitride, or alumina. 

7. A two dimensional organic fight emitting diode array 
as claimed in claim 1 further characterized in that 
the dielectric medium (24. 45) Is formed with a 
thickness in a range of from 10»im to 0.1pm. 

8. A two dimensional organic light emjjting diode array 
as claimed in claim 1 further characterized in that 
each cavity (11. 12) is defined as a well formed in 
the dielectric layer (24. 45) with a rectangular, 
square or circular shape of opening, and substan- 
tially vertical side walls. 

9. A two dimensional organic light emitting diode array 
as claimed in claim 1 further characterized in that 
the electroluminescent medium (25) Includes forms 
of organic, organometallic, polymeric or combina- 
tions of those materials as a layer of hole transport- 
ing material, a layer of active emitter material and a 
layer of electron transporting material. 



10- A method of fabricating a two-dimensional organic 
light emitting diode array for high density Informa- 
tion image manifestation apparatus characterized 
by: 

5 

providing an electrically insulative substrate 
(21 .38) with a planar surface; 
depositing a layer of electrically conductive 
material on the planar surface of the substrate 
10 (21.38); 

patterning the layer of electrically conductive 
material to form a plurality of laterally spaced, 
conductive strips (22, 37) defining first elec- 
trodes; 

is depositing a layer of dielectric medium (24, 45) 

on a surface of the conductive strips (22. 37) 
and the planar surface of the substrate (21, 
38); 

depositing a layer of photoresist on the layer of 
20 dielectric medium; 

patterning the photoresist using a cavity defin- 
ing mask to expose portions of the dielectric 
medium (24, 45); 

etching away the exposed portions of the c5e- 
25 lectric medium (24. 45) to form a plurality of lat- 

erally spaced cavities (11. 12), each of the 
plurality of cavities (11,12) being positioned on 
an associated one of the defined first elec- 
trodes (22. 37) and exposing therein the asso- 
30 dated first electrode (22. 37); 

striping off the photoresist; 
depositing in each of the cavities (11, 12) an 
electroluminescent medium (25) in the succes- 
sive order of a layer of hole transporting mate- 
as rial, a layer of active emitter, a layer of electron 
transporting material and a layer of a low work 
functional metal; 

depositing a layer of ambient stable metal on 
the dielectric mecSum (25) so as to seafingly 

40 overlie each of the cavities (11.1 2); and 

patterning the layer of ambient stable metal 
into metal strips (27. 48) in a direction orthogo- 
nal to the conductive strips (37) so as to define 
second electrodes in cooperation with each of 

45 the plurafity of cavities (11. 12). 
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[57] ABSTRACT 

A controlled lighting system comprises a control sys- 
tem which transmits DATA and CLOCK information 
to a plurality of light modules. The light modules each 
include at least two light elements and a control unit 
which is responsive to the DATA and CLOCK infor- 
mation received from the control system to vary indi- 
vidually the amount of light emitted by each of the light 
elements in each light module. Contemplated uses of the 
controlled lighting system include decorative lighting, 
iUuminated display signs, eta 

14 Claims, 8 Drawing Sheets 
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CONTROLLED LIGHTING SYSTEM Biffi* SSS'^ * ^ 

This is a continuation of aoolicatifm <>r im„ Ac ^^toyet another aspect of the present in ven- 

FIELD OF THE INVENTION modules arranged in an array on said support, each light 

The present invention rebit« trs ~. module including at least two light elements and a con- 
More pSly ^ £L£ ^rol ^« to >dependcutly alter the amount of fight 

tT~\\-fr^™ present invention relates to con- emitted by each of said lieht elements in resnoos/tn 

10 ~* ^ "-ved K^rcontr^em! 
are controlled trom a remote location. wherein said control system transmits a predefined se- 

BACKGROUND OF THE INVENTION quence of control signals to said light modules to fflumi- 

ControiVH _ , ~ * 11216 ^ ^ght elements of said light modules to produce 

ControUed hghtmg systems are known. Such systems a desired display. P 
typically comprise a series of light elements wherein the K MTTO * 

power supphed to each light element is controlled from BRIEF DESCRIPTION OF THE DRAWINGS 
^^^i 0 ^ 11 * % P° WCf ^ fc t( > deferred embodiments of the present invention wfll 
me^tf afd J^ 11111 ° f pn>duCcd °* * c *S ht ^ nOW * ^bed, by way of example only, witi r ele- 
ments as desired. cnce to the attached figures wherein; 

showS^if? f^^f*** system of interest is 20 FIG. 1 shows a block diagram of a controlled lighting 

shown m U.S. Pat Re. No. 32341 to Smith. This refer. in accordance with the present inventionf 

ence shows a hghtmg system for a discotheque which FIG. 2 shows a block diagram of a trarisrmtterfor the 

comprises a plurality of white light elements which are controlled lighting system of FIG. 1- 

arranged m a circle and which may be illuminated or Ha 3 shows a schematic diagram' of the transmitter 
exnnguished m predefined patterns to provide various 25 °f FIG. 2; 

ugntmg effects. Each fight element in the system has a 4 shows a block diagram of a control unit for 

power module associated with it which receives signals the controlled fighting system of FIG. 1; 

from a remote control unit to iUuminate or extinguish FIG. 5 shows a schematic diagram of a portion of the 

the light element as desired. control unit of FIG. 4 

Another prior an controlled lighting system of inter- 30 * shows a schematic diagram of another portion 

est is shown in U.S. Pat No. 4,317,071 to Murad. This of the control unit of FIG. 4; 

reference shows a system for decoratively lighting a . HQ - 7 **ows a front view of a light module for use 

fountain or the like. Three fighting circuits are each m controlled lighting system of FIG. 1; 

«mnectcd directly to one or more light elements of a , FIG. 8 shows a side view of the light module of FIG. 

parttcular color. In response to a pre-programmed input ~ 

or to a music, input, the system alters the degree of ^ 9 show ? * of a control unit portion of 

ffliirninanon of the fighting circuits. the hght module of FIG. 7; and 

However, problems exist with these and other prior FIG * 10 ^ows an ifluminated display sign con- 
art controlled lighting systems of which the present ^ structed from ^ controlled fighting system of FIG. 1 
^^L aWarC * ^ , problcxn "the cost associated 40 DETAILED DESCRIPTION OF THE 

which the prior art controlled lighting systems may 3 1 shows a block diagram of a fighting system in 

effectively be employed. Further, prior art controlled a< *^™ mce ^ present invention. The system 

fighting systems do not allow a range of colors and m ^c&a control system 40 and a plurality of control 

brightness levels to be produced by fight ele men ts 44, each of which includes at least two light cJc- 

which are controlled from a remote lccsiuon. merits 48. In the embodiment shown, each control unit 

exix,rw A T, v ^ 44 includes a fight element 4SR which emits red light, a 

SUMMARY OF THE INVENTION. hght element 48G which emits green fight and alight 

It is an object of the present invention to provide a * *?S? B 7^ **** bhiC ^ 

novel controlled lighting system which obviates or Control twits 44 arc connected in series fashion to 

rnWgates at least some of the disadvantages,or problems T**? 40 of electrical connectors 

with the prior art, . *^ 52 and 56. Connectors 52 supply dc power to each 

According to one. aspect of the present invention « control unit 44 to operate the control units and to power 

there is provided a controDed fighting system co^rn^ 2£ ^ ^ w21bc <*«cribed in further detail 

ing: a control system; a pluralit/of fifh, KuSeTeach 5^2* connectors 56 supp y CLOCK an d DATA com- 

module including at leak two light element* a control ^ * 44 from contTo1 «°- 

unit for each light module receiving control ^cm*!. Control system 40 comprises a controller 60 and a 

from said control system Mndl^SS^^ 60 the embodiment shown, controDer 60 

each of said at least two fight element In resoo^e^ ^™^ )Com P tt 5 er » « IBM PC which is con- 

said control signals, each control unit or^u^re? " J*** * f nd ?f d Centronics 

sponsc to a unique control signaL ^ parallel port 68. As will be apparent to those of skill in 

According to another aspect of the nresent m w «t;«« ^ < \ er controllers, such as dedicated imcro- 

there is provided a light riS a T2 65 controUers, may be employed as de- 

KrentS^ Trans^tter «Js shown m block diagram form in 

means to blend the lifht^tted 1 b^ch^ShT^ • - ^f^^y » FIG. 3. Transmitter 64 

us emiiiea oy each said light ele- comprises six different functional blocks: Parallel to 
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Serial Converter 72; Logic Control 76; Pulse Generator a count of. 10. As will be described below, at control 
80; Pulse Counter & Divider 84; Power-Up Reset 88; units 44 the ninth CLOCK bit acts as a data latch bit and 
and Voltage Converter 9Z the tenth bit acts as a reset bit 

In the embodiment shown, transmitter 64 is imple- Once Pulse Counter & Divider 84 has rea ched a 
mented from standard TTL components, such as those 5 count of ten, Logic Control 76 asserts the INTER- 
d escribed in "The TTL Logic Data Book" published by RUPT signal to parallel port 68 to indicate that trans- 
Texas Instruments Incorporated. It will be apparent mitter 64 is ready to receive another 8 bits of data from 
that other implementations are possible, including appli- parallel port 68 and the transmission cycle may start 
cation specific integrated circuits (ASICs). again. 

Pulse Generator 80 comprises IC25 which is a 10 As will be further described below, in the illustrated 
74LSI23 Retriggerablc Mo no stable Multivibrator con- embodiment control signals are transmitted to control 
figured to provide a square wave timing signal to Pulse units 44 in the form of one of three different 8-bit 
Counter & Divider 84 at approximately 2 MHz. Svords*. The first word is in the form "ddddddll". 

Pulse Counter & Divider 84 comprises IC22 which is where 'dddddcF represents 6 bits of address data and the 
a 4-Bit Binary Counter such as a 74LS93, IC23 and IC24 15 trailing *1 1' identifies the data as being a group address 
which are 74LS74 D-Type Flip-Flops, one gate of IC27 ID. The second word Is in the form "ddddddQl "\ where 
which is a 74LS00 2-input NAND gate and one gate of 'dddddd' represents 6 bits of address data and the traxl- 
IC28 which is a 74LS09 2-input AND gate. Pulse ing *01* identifies the data as being a unit address ID. 
Counter & Divider 84 receives the square wave tuning The third word in the form "xxxddddO" where the 
signal from Pulse Generator 80 and divides the fre- 20 three initial x's indicate which light element the data 
quency by two to improve its stability. The divided relates to, the *dddd* represents the binary value for the 
signal is employed as a square wave CLOCK signal light(s) and the trailing 0 indicates that the word is a 
further described below. Pulse Counter & Divider 84 light data word. 

also operates to count the pulses on the CLOCK signal In the embodiment shown, a' one in the leading *x* 
to a count of 8 pulses and to a count of 10 pulses. The 25 selects fight element 48R, a one in the second V selects 
use of these two counts are described below. ' light element 48B and a one in the trailing V selects 

Parallel to Serial Converter 72 includes a 74LS165 light element 48G. Of course, two or more light de- 
parallel load 8 bit shift register IC2L IC21 is connected merits can be selected at the same time to receive the 
to the eight data hues of parallel port 68 and transforms same binary data by setting more than one V to one. It 
the 8 bits of parallel data into a serial data stream of bits 30 is contemplated that this will be useful in many tircum- 
in response to 8 pulses received from Pulse Counter & stances, such as extinguishing or iDuminatmg all of the 
Divider 84. The serial data bits are output on the light elements of a particular module at the same time. 
DATA line to Voltage converter $2. Control unit 44 will now be described with reference 

Voltage Converter 92 comprises IC30 which is a to FIG- 4, which shows a block diagram of control unit 
MC1488 line driver, manufactured by Motorola. IC30 35 44, and to FIGS. 5 and 6 which show schematic dia- 
con verts the voltage levels on the DATA line from grams thereof. In FIGS. 5 and 6, the mterconnections 
Parallel to Serial Converter 72 and the voltage levels on between the two diagrams are indicated by the tabs 
the CLOCK line from Pulse Counter & Divider 84 from labelled A through K. 

standard 0 and 5 volt TTL voltage levels to —12 and As can be seen in FIG. 4, each control unit 44 com- 
+ 12 volts. The conversion to the — 12 and -f 12 voltage 40 prises six main function blocks as well as a Gate AmpH- 
levels provides signals which are better suited for trans- fier 90 and the three D/A Converter and Drivers 94R, 
mission over substantial distances to control units 44. 94B, 94G. A Voltage Conversion block 96 is also in- 
Power-Up Reset 88 is an analog network comprising eluded for the control unit 44 which is closest electri- 
T4 which is a 2N4400 transistor, D6 which is a 1 N4 148 cally to control system 40 as will be farther described 
diode, Cll which is a 4.7 microfarad capacitor and K9 45 below. 

which is a 22 Kohm resistor. As will be apparent to The six main function blocks comprise Data Trans- 
pose of skill in the art, when transmitter 64 is powered mission Logic Control 100, Serial to Parallel Converter 
up Power-Up Reset 88 provides a reset pulse to place 104, Power-Up Reset 108, Data Register Control Logic 
transmitter 64 into a predefined known state. 112, Address Decoder Block 116 and Data Register 

Logic Control network 76 provides the 'handshak- 50 Block 120. As can be seen, Address Decoder Block 116. 
ing* required by parallel port 68. Logic Control net- includes a Group ID Decoder 124 and a Unit ID De- 
work 76 comprises IC23 and IC24 which are described coder 128. Further, Data Register Block 120 includes 
above, gates from IC26 and IC27 which are 74LS00 three Data Registers 132R, 132B, 132G. 
' 2-input NAND gates, gates from IC28 which is de- In the embodiment shown in FIGS. 5 and 6, control 
scribed above, and gates from IC29 which is a 74LS32 55 unit 44 is implemented from standard TTL components. 
2-input OR gate. On receipt of the STROBE signal It is contemplated that, in some uses of the present 
from parallel port 68, Logic Control network 76 sets invention such as for decorative lighting, other imple- 
IC21 to load the 8 bits of parallel data from parallel port mentations will be pr e ferred for convenience and/or 
68 into its internal shift register and sets Pulse Counter economy. Such other implementations will be apparent 
& Divider 84 to commence counting. • 60 to those of skill in the art and include, but are not limited 

On each count of Pulse Counter & Divider 84, IC21 to, application specific integrated circuits (ASICs) ahd- 
outputs one bit of data onto the DATA line and one bit /or gate arrays. 

of clock data onto the CLOCK line to Voltage Con- As discussed above, control units 44 are connected in 
verter 92. When Pulse Counter & Divider 84 has series fashion to control system 40. The control unit 44a 
reached a count of 8, further output from Parallel to 65 which is electrically closest to control system 40 in- 
Serial Converter 72 to the DATA line is inhibited but eludes Voltage Conversion block 96 which transforms 
two additional bits of clock data are output onto the the —12 V and + 12 V voltage levels of the CLOCK 
CLOCK line until Pulse Counter & Divider 84 reaches and DATA signals on electrical connectors 56* from 
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^\V^ e T^™^?££t !« °' IC12 wha « the reining 

Conversion block 96 comprise? IC1S which Jumpcrs lOOA through 100D have been placed to con 

MC1489AD voltage mod, Teener ^fnuTaSed by n Z fawerter ° f ICM - 

Motorola and two gates of IC19 wMcbfc a 74LS£Vl h« s • 10 Dccodcr 128 of Address Decoder block 116 

inverter. Once converted to 0 and +5 V IcvdT V£ comprises six gates of IC7 which is a 74LS04 inverter, 

CLOCK and DATA signals are appUrf to Date Tra^ ?"=, gat f.°/ ?CW wlrich is also a 74LS04 inverter and 

mission Logic Control Wand to Sen^a^eS IC " ^ « ».Z*LS30 8-Input NAND gate, 

version 104 respectively. . "te least significant output bit of ICU (labelled Qfc 
The remaining control units 44 which are electrically 10 , "fH* c ? nnecl , cd *° °ne input of ICU while the next 

further from control system 40 do not nu2e!S least Mgmficant bit of IC12 (labelled O) is connected to 

Conversion block 96 as they receive their CLOCK ^d "J?* 1 of ICU ^"Sh *» inverter gate ofIC19. 

DATA signals on electrical connectors S6 via the elec- u descntx * 1 above - • data word representing a Unit ID 

tncally preceding control unit's Gate Amplifier 90 "s two least significant bits set to -Or and these two 
which outputs 0 and 5 V level signals. Each Gate Am- 15 ,* w f ffectivd y tested by ICU to determine whether 

plifier 90 regenerates the CLOCK and DATA signals not thc data word is a Unit ID. 

to minimize degradation of the signals for each follow- ■ e r cm " in ' n 8 inputs to ICU may be connected by 

ing control unit 44. Gate Amplifier 90 comprises two Jumpers 104 either directly or through inverter gates of 

gates of IC8 which is a 74LS32 OR Gate. Two 51V IC 7 to the remaining output bits of ICU which consti- 

Zeoer diodes D2 and D3 are employed to remove over- 20 tM t ™? **** bits - Group ID Decoder 124 de- 

wltage spikes on the DATA and CLOCK lines. It will abovc . by setting jumpers 104 in a particular 

Oe apparent that the Gate Amplifier 90 may be omitted manner ' «ny one of up to sixty four Unit ID's may be 

ftom tte control unit 44 Which is electrically most dis- f^^J? 'FIG. S a Group ID of eight (binary 

tant from control system 40 if desired. yOUXXT) has been selected for control unU44byset- 
Rjsgardless of whether Voltage Converter block 96 25 ^Jnmper 104C to directly connect an input of ICU 

« the Gate Amphfier 90 of an electricaUy preceding to the third most significant data bit of IC12 while the 

control unit supplies the 0 V and 5 V CLOCK and rematmng jumpers 104 A, 104B, 104D. 104E and 104F 

tlnf ll ^ ^«*rioal circuitry of each control to connect outputs of 1(212 to inputs 

?* ** » Powered by the 5 V do voltage supplied of ICU through inverter gatesofIC7. 
Otoougfa dectrical connecters 52, To ensure correct 30 t The above-described Address Decoder block 116 is 

control unit 44. each control unit «* been designed to allow for a plurality of light mod- 

mcludes IC14 which » a LM78M05 positive voltage ^ to be attached ton sagle (xm^oliysiem 40Jto^ 

^Wt™o„- -~_t . with thc capacity for sixty-four different Group HHand 

r^TJ^^ l^pcOMtrol 100 comprises two «ty-fbur Unit IDs. the above-ttecribedAddress De- 

^kfT^SSSP™* 88165 ofIC5> 35 *? dBr bIock 1U P rovi °e» f« nP to four thousand and 
r^sl^ J+LSW 2-lnputNAND Gate. IC10 which is ninety six uniquely addressed Hght modules tobVc^ 
74Ls£ ^«° M ?2L*£ 1CU w "ch is a -ected to a single control systemlo. It wiU bTap^t 
ConuS t^^^J^ 9 '^ Trl fl SmiSsion t° those of skill in thc art that in some circumrtalc^ 

*°° 2?S^* e ^ to P*nulel data conver- more or fewer numbers of unique addre*e7*tflbe 

oa£ i^puS ^ 3 40 fi^Z d 116^be mod^ 

vertex 104 to load one bit of serial date from the DATA 45 "2 modified^nK ****** 0001101 

^ 10 ^ ^ of Address Decoder block 50 SSttJ5^SS5» < SB £? 
116 comprises six gates of IC16 which u a 7^t wi ™ p^^. ttTt> IT*^ ^ . acscnoea above. 

As shown in FIO 5 th« Wet ^ « , ferad capacitor, Dl which is a IN4148 diode, and Rl 

or through inverter cates of 1C16 to rti^ r ~ 0 : n ; nra « 11^, ^ * A.otuns, 13. Kohms, 560 ohms and 

put bits of ICU wbffioSSe « e dlm^T 18 ° 2? ^ 2? ,eCted to ontouts «f 

By setting jumpers 100 in , pJScXf ier. any ofaL^ LTr^ " iU Kohms) " d M < 560 

one of up to sixty four Group ID*s may be defected ^„ n • ^? * converter to control a 2SC1096 

FIG. S a Group ID of three ^inarv TO^l^h^ti? Driver Transistor (Tl. T2 and T3 respectively) which 

select for control S SSmeJ fe 18 ?^ ^ element 48^. 48G. As 
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+ 5 V, the brightness of the associated light element 48 the light emitted by the light elements 222 such that, to 
will be varied accordingly. an observer's eye, the light elements 222 appear as a 

Operation of a control unit 44 win now be described single light source, 
by way of example. Data Tra n s mi ss i on and Logic Con- light assembly 210 is removably coupled to control 
trol 100 receives CLOCK signals from electrical con- 5 unit 44 by locking nut 218 which allows replacement of 
necter 56 and .causes Serial/Parallel Conversion unit light assembly 210 in the event of failure of one or more 
104 to load eight bits of DATA from electrical con- light elements 222. Further, four electrical connectors 
necter 56 and convert it into a word of data. 230 electrically couple light elements 222 to control unit 

If the two least significant bits of the received word 44 in a removable fashion. Connectors 230 are received 
are "11% Group ID Decoder 124 checks to see if the 10 in complementary sockets 232 in control unit 44. 
Group ID received matches that of the control unit 44 Control unit 44 is connected to a four conductor 
as set by jumpers 100. If the Group ID does not match, cable 238, shown in ghosted line in FIG. 7, which com- 
the received word of data is ignored as it is intended for prises electrical connectors 52 and 56. As seen in the 
another control unit 44. If the Group ID does match, on Figure, cable 238 also includes a key portion 242 which 
the ninth (data latch) CLOCK pulse, Data Register 15 is received in keyway 246 of wire clamp 214 to assure 
Control Logic 112 is set to receive the Unit ID. The correct orientation of electrical connectors 52 and 56 
tenth (reset) CLOCK pulse received clears IC10 and with respect to complementary electrical connection 
IC12 in preparation to receive the next eight DATA points 252 and 256 cm control unit 44. The control unit 
bits. 44 which is located nearest control system 40 would be 

The next eight DATA bits are received during the 20 unique within the system in that it also includes Voltage 
next eight CLOCK pulses and are converted to an eight Conversion block 96. 

bit data word. Provided that the two least significant As win be apparent, control unit 44 of decorative 
bits of the received word are *01\ Unit ID Decoder 128 lighting module 200 does not include gate amplifiers 90 
checks to see if the Unit ID received matches that of the as it is contemplated that in many circumstances these 
control unit 44 as set by jumpers 104. If the Unit ED 25 will not be re quire d. However, if gate amplifiers 90 are 
does not match, the received word of data is ignored as required due, for example to long rum of connectors 56, 
h is intended for another control unh 44. If the Unit ID control unit 44 may be modified to include gate amplifi- 
does match, on the ninth (data latch) CLOCK pulse, ers 90 in any suitable manner as would be apparent to 
Data Register Control Logic 112 asserts the SELECT those of skill in the art. For example, incoming connec- 
line to Data Registers 132 and one the tenth (reset) 30 tors 56 would be joined to one side of control unit 44 
CLOCK pulse, IC10 and IC12 are cleared in prepara- and outgoing connectors 56 would be connected to the 
don to receive the next eight DATA bits. output of gate amplifier 90 at other side of control unh 

The next eight data bits are received during the next 44 in a "make and break* fashion, 
eight CLOCK pulses and are converted into an eight bit It is contemplated *h*t for most decorative* lighting 
data word as before. Provided that the least significant 35 requirements, control units 44 will be sold in sets and 
bit (bit 8) of the word is set to XT, this received word - * each control unit 44 in a set will have a unique preset 
comprises lamp control data. Unit ID. A consumer can therefore init ially purchase a 

O n the ninth (data latch) CLOCK pulse the set of ten modules, twenty modules, etc as meets his 
STROBE PULSE signal is asserted by Data Register current needs. To allow the consumer to subsequently 
Control Logic 112 and, if the most significant bit of the 40 buy additional modules without the risk of having non- 
word (bit 1) is set to *1\ the four bits of data at bits 4, 5, unique Unh IDs, each control unit 44 includes, six 
6 and 7 will be loaded into Data Register 120R. Alterna- jumper sockets 280 with which the Group ID for the 
trvery, if the second or third bits (bit 2 or bit 3) of the unit 44 may be set. Thus, the consumer need only insert 
data word are set toT bits 4, 5, 6 and 7 will be loaded jumpers 100 into one or more of jumper sockets 280 to 
into Data Register 120B or Data Register 120Orespec- 45 select a unique Group ID for his subsequently pur- 
trvely. Further, as described above, two or all three of chased modules. This win allow the sale and use of sets 
bits 1, 2 and 3 may be set to *V to simultaneously load of modules with Unh IDs which are preset by allowing 
bits 4, 5, 6 and 7 into more than one Data Register 120. for unique Group IDs to be established as required by 

Depending upon which Data Registers) 120 are the user, 
loaded, the brightness of the light clement 48 associated 50 Another contemplated use of the present invention is 
therewith is varied according to the received data. . to construct illuminated display signs for advertising or 

Finally, the tenth (reset) CLOCK pulse/is' received other purposes. FIG. 10 shows a display sign 300 con- 
and control unit 44 fa ready to commence another trans* structed of an array of twenty-two rows of twenty-eight 
mission reception cycle. hght modules 200. Each light module 200 comprises one 

Many uses are contemplated for the present inven- 55 pixel in the desired illuminated display and, due to the 
tion. In particular, it is believed that the present inven* different colored fight elements in each module 200, 
tkm will be suited for use in decorative lighting systems each pixel may assume any one of several thousand 
such as Christmas lighting. FIGS. 7, 8 and 9 show a different colors. While the Figure shows a simple 
decorative lighting module 200 which is currently con- 'happy face' character, it wul be understood by those of 
templated for use in Christmas and other decorative 60 skill in the art that more complex and/or animated dis- 
Kghting systems. plays may be produced simply by providing control 

Decorative lighting module 200 comprises a control system 40 with an appropriate program of data words, 
unit 44, a hght element assembly 210, a wire clamp 214 In one contemplated embodiment of an Dluminated 
and a locking nut 218. Light assembly 210 further com- display sign in accordance with the present invention, 
prises three light elements 222R, 222B and 222G and a 65 the signs will be installed in various public locations and 
diffusion lens 226. Light element 222R emits red Hght, their use will be leased to various advertisers. At the 
while light elements 222B and 222G emit blue and green end of the lease term, the program of data words in 
light respectively. Diffusion lens 226 operates to diffuse control system 40 will be replaced with a new program. 
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Such programs may be conveniently contained in one 
or more semiconductor memory , devices which are 
removably connected to control system 40 as required. 

Another contemplated use of the present invention is 
in automotive lighting. For example, instead of nmning 
eight or more wires to an automotive tail light assembly 
one or more light modules in accordance with the pres^ 
ent invention may be installed in the tafl light assembly 
requmng a maximum of four wires to be run. In this 
intended use, each light element 48 of a module may be 
placed in various portions of the tafl light assembly as 
required. Further, if required, light elements 48R, 4SB, 
4*Omay be different colors as described above, or may 
be the same color. For example, light element 43R may 
be a red brake light while light element 48B may be a 
white backup light and light element 4SG may be a red 
turn signal. 

Other uses and variations of the present invention 
wul occur to those of skill in the art and should not be 20 
considered as departing from the scope of the present 
invention as defined in the claims as appended hereto 

We claim: 

1. A controlled lighting system comprising: 
a control system; • 

a plurality of Kght modules, each module including at 

least two light elements; 
a plurality of control units, each control unit having a 

unique address and being removably connected to 
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of control units and an identification of a control unit in 
said one of said at least two groups.' 

6. A controlled lighting system according to claim 5 
wherein each said control unit further comprises means 
to change the group said control unit is assigned to. 

7. A light module assembly comprising: 
a bousing; 

at least two light elements within said housing, each 
light element emitting Kght of a different wave- 
length; 

means to blend the light emitted by each said light 
element; 

a control unit removably connected to said housing 
and including means to compare a signal received 
at said control unit with a unique address pre- 
assigncd to said control unit, said control unit being 
responsive to said signals which correspond to said 
unique address to vary the Kght emitted by each 
said light element 

8. A light module assembly according to claim 7 
wherein said means to blend the light comprises a diffu- 
sion lens. 

9. A Kght module assembly according to claim 7 
mcludmg at least three Kght dements, each light ele- 
ment being operable to emit a different one of the pri- 
mary additive colors. 

10. A light module assembly according to claim 7 
wherem said control unit further comprises means to 
removably receive an electrical cable «r»yfj ng ^ least 

hint <vmm!ii«< -» — i «*!J . . . - 9 . 



wong rcmovaory connected to _ »w^»a^ 1Jf »wavc an electrical cable w»r>i^ ng at least 
a different one of said plurality of light modules, 30 ^conductors, said means to removably receive in- 
each Said Control unit receiving frntn « i eluding a kevwav COmnlmrMturv -y.~~~ *c — :j 



each said control unit receiving from said control 
system digital control signals including a digital 
address to identify an intended control unit, a digi- 
tal Kght element identification to identify one or « 
more of the Kght elements in the Kght module con- 
l * fi f te ^ *° sa "* intended control unit and a digital 
output level for each of the one or more identified 
Kght elements, each said control unit including 
means for determining control signals including an 40 
address corresponding to the unique address of said 
control unit and further including means to convert 
said digital output level of said control signal for 
each Kght element identified in said digital Kght 
clement identification, once said corresponding 45 
digital address is determined. 

2. A controlled lighting system according to claim 1 
wherein said control signals are received, from said 
control system by said control units through one or 
more control networks. 50 

3. A controlled lighting system according to claim 1 
wherem said light module further includes means to 
blend the Kght emitted by each said Kght element. 

4. A controlled lighting system, according to claim 1 
wherem said control system comprises a microcom- 
puter controller. 

5. A controlled lighting system according to claim 1 
wherein said control units are arranged in at least two 

groups, each said control unit being assigned to one of Predefined sequences of control signals, said 

said at least two groups and said SE^^i SnKl^T the stored 

prises an identification of one of said at leasV^r^ P rcdcfined ^ntrol signals. 
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dudmg a keyway complementary to the shape of said 
electrical cable such that said cable can be received in 
only one orientation. 

11. A light module assembly according to claim 7 
wherein said control unit farther comprises means to 
modify said unique address of said control unit 

12. An illuminated display comprising: 
a support; 
a control system; 

a plurality of Kght modules arranged in an array on 
said support, each Kght module mcludmg a housing 
at least two light elements in the housing and a 
control unit removably connected to the housing 
each control unit being operable to independently 
alter the amount of Kght emitted by each of said 
Hght elements in response to control signals re- 
ceived from said control system, wherein said con- 
trol system transmits a predefined sequence of con- 
. tool signals to said Kght modules to fflummate said 
Kght elements of said light modules to produce a 
desired display. 

13. An iUununated display according to claim 12 
wherein said control system transmits a predetermined 
scries of sequences of control signals to alter the illumi- 
nation of said Kght elements of said light modules to 
animate said desired display. 

14. An Ulunrinated display according to claim 12 
wherein said control system includes a means for stor- 
ing said predefined sequences of control signals, said 
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